Introduction
Kienböck's disease (KD), also called as avascular necrosis of the lunate, is a rare wrist disorder characterized by progressive osteonecrosis of the lunate. Robert Kienböck first defined the radiological characteristics in 1910 [1] . The incidence in the general population has been reported between 0.0066% and 0.27% in radiographic survey studies [2] [3] . It is commonly seen in males aged 20 to 40 years. Occasionally, it is bilateral, and there is often a history of previous trauma. Although there are radiological findings of destruction in the lunate bone in all patients, some cases may also be asymptomatic, despite positive radiographic findings [2, 4] .
The exact etiology of the disease is uncertain. However, various anatomic and biomechanical risk factors are thought to play a role in the pathophysiology. Ulnar negative variance (causing an increase in radio-lunate contact stress), reduced radial inclination, repetitive wrist trauma, the geometry of the lunate bone, and the interruption of the vascular supply of the lunate bone are among the most commonly blamed risk factors cited in the current literature [5] [6] .
The Lichtman classification is the most commonly used staging system that separates KD into four stages based on radiographic findings [7] . According to the Lichtman classification, Stage IIIB is an advanced stage that is defined as a lunate collapse with fixed scaphoid rotation (ring sign), decreased carpal height, and proximal migration of the capitate. Various surgical methods have been recommended at this stage, including limited carpal fusion, vascularized pedicled bone grafts, proximal row carpectomy (PRC), and the use of a bone morphogenic protein with an arthroscopic technique. However, there is no reliable evidence supporting the superiority of any of these surgical techniques over the others [8] [9] . Scaphotrapeziotrapezoid (STT) fusion has been shown to provide good results in KD. It is thought that arthrodesis could reduce the progression of necrosis by decreasing the load on the lunate bone and preventing movement between the lunate bone and the distal row of the carpal bones [10] .
STT arthrodesis can be performed using various fixation implants or techniques. To the best of our knowledge, there is no study related to the use of a limited wrist fusion plate in KD in the current literature. This study aimed to evaluate the clinical and radiological results of STT arthrodesis with a limited wrist fusion plate in patients with Stage IIIB KD.
Materials And Methods
A retrospective review was performed on 11 patients with KD who underwent STT arthrodesis between 2014 and 2017 in our institution. The radiological images were retrieved from the picture archiving and communication system (PACS), and the demographic data and clinical findings were obtained from the patient charts, medical records, operation notes, and follow-up notes in the institutional patient database. Of the original 11 patients, two were lost during follow-up. Thus, the study was completed with the remaining nine patients who completed the follow-up examinations.
This study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. The Institutional Review Board (IRB) of Akdeniz University approved the study protocol, and all participants provided informed consent for inclusion in the study.
All the patients were operated by the senior author (BA). Under general anesthesia and with the use of a tourniquet, a dorsal longitudinal incision was made over the wrist in line with the STT joint. The extensor tendons were retracted, and the wrist joint capsule was reached. Following capsulotomy, all cartilage in the arthrodesis area (STT joints) was carefully removed using a high-speed burr and curettes until optimal cancellous bone contact for fusion was obtained. Autologous cancellous bone graft was harvested from the distal radius and placed in the arthrodesis site. Two or three temporary K-wires were used to fix the STT joint in the desired position ( Figure 1A) . A special reamer was used to prepare the bed for the limited wrist fusion plate (Mini Hub Cap®, Acumed, LLC, Hillsboro, OR, USA), which was then placed at the center of the STT joint; each carpal bone was fixed with two screws whenever possible ( Figure 1B) . The plate and the screws were checked under fluoroscopy. The capsule and retinaculum were sutured and then the skin was closed. A short-arm spica cast was applied to the patient.
FIGURE 1: Illustration Showing the Surgical Technique
A) Cartilage at the articular surfaces of STT joints was carefully removed, autologous cancellous bone grafting was placed at the arthrodesis site, and three provisional K-wires were used to fix the STT joint in the desired position; B) A special reamer was used to prepare the bed for the limited wrist fusion plate, which was then placed at the center of the STT joint, and each carpal bone was fixed with two screws whenever possible. The illustrations were drawn by Adil Turan, M.D.
The wrist was immobilized for four weeks, after which a three-week physiotherapy program was started, including passive and active finger and wrist range of motion exercises. All patients were given a home-based physical therapy program.
Anteroposterior and lateral wrist radiographs were taken, and magnetic resonance imaging (MRI) was performed on the wrist of all patients. The Litchman classification was used to evaluate the KD stage [7] [8] . All patients attended regular follow-up examinations with evaluation of the union from anteroposterior and lateral wrist radiographs. In the sixth month, all patients underwent computed tomography (CT) scanning to confirm the complete union and consolidation of the arthrodesis.
Clinical evaluations of the patients were made using the shortened quick version of the Disabilities of the Arm, Shoulder, and Hand (Q-DASH) Outcome Measure score (Institute for Work and Health, Toronto, ON, Canada), as well as grip strength measurements before surgery and at the final follow-up examination. Grip strength measurements were taken using a calibrated hydraulic hand dynamometer (Baseline®, Fabrication Enterprises, Inc., White Plains, NY, USA). All measurements were made in accordance with the standardized instructions of the American Society for Surgery of the Hand and the American Society of Hand Therapists [11] . Wrist range of motion was measured using a goniometer. To assess overall subjective patient satisfaction, patients were asked if they would have the same treatment again at the final follow-up examination.
Continuous variables were stated as mean ± standard deviation values and categorical variables as number (n) and percentage (%). The comparison of serial measurements within the same group was performed using the Wilcoxon signed-rank test. A value of p < 0.05 was considered statistically significant.
Results
The patients in this study comprised six males and three females with a mean age of 32.8 ± 7 years (range: 22 -44). All patients were right-handed, and the operation was on the dominant side in six cases. According to the Lichtman classification, all patients were at Stage III B. The mean follow-up duration was 18.4 ± 10.8 months (range: 8 -36 At the final follow-up evaluation, the wrist motion was restricted compared to the contralateral side in all directions (flexion, extension, ulnar, and radial deviation). All patients were free of night pain and were satisfied with the overall treatment. CT examination showed the complete union of the arthrodesis in all patients (Figures 2-3) . The average duration of time to union was 4.6 months. No complication was seen in any patient. 
Discussion
In this study, STT arthrodesis using limited wrist fusion plate was evaluated for the treatment of KD. Postoperatively, night pain and pain at rest was seen to have recovered in all the patients. No complications, such as non-union or infection, developed in any patient. All the patients reported that they had no pain that would prevent work. Union was observed in all patients within an accepted time interval. Functional scores increased significantly in all patients, and all patients were satisfied with the treatment. Overall, we think that the limited wrist fusion plate is an appropriate implant selection in patients with KD considered to have STT arthrodesis.
There is no gold standard in treating Stage IIIB KD to date. PRC, STT arthrodesis, and scaphocapitate (SC) arthrodesis remain the most commonly used surgical techniques in Stage IIIB KD. In PRC, the scaphoid, lunate, and triquetrum are excised, and the load on the wrist is carried over the capitate and lunate fossa. After performing PRC, Richou et al. reported 83% satisfaction of the patients in their series of 24 patients of which 17 were KD. They reported that the pain was reduced in all patients, the grip strength reached 76% of the contralateral side, the wrist flexion-extension arc was 76°, and the mean DASH score was 31 points [12] . Similarly, Croog and Stern reported a low complication rate, painless movement, and adequate grip strength after PRC in 18 patients who were followed with a mean of 10 years [13] .
STT arthrodesis stabilizes the scaphoid in the radial fossa, absorbs the load, and prevents advanced scapholunate collapse. Watson et al. reported the results of 28 patients treated with STT arthrodesis in KD after a mean follow-up of 51 months. The functional outcomes were excellent in 12 patients, good in nine, fair in four, and poor in two patients in their series [14] . SC arthrodesis is another option for Stage IIIB KD disease. The SC joint has a larger bone contact surface compared to the STT joint. Furthermore, only two carpal bones are involved in the arthrodesis. Although reliable pain relief usually occurs with SC fusion, patients display less midcarpal mobility (e.g., dart-throwing motion) than STT arthrodesis [15] [16] .
K-wires, U-nails, or headless compression screws can be used in wrist-limited fusion surgery. Although K-wires are inexpensive, they do not provide compression at the arthrodesis interface. Similarly, U-nails cannot exert the desired compression, and after the application of K-wires or U-nails, the wrist must be immobilized with a plaster cast until sufficient fusion is achieved to allow wrist motion. Because these implants lack compression properties, nonunion is a common complication after K-wire and U-nail fixation. Fortin et al. reported a 21% nonunion rate in STT arthrodesis (three of 14 patients) performed with K-wires [17] . Kleinman retrospectively evaluated 46 patients with wrist instability who underwent STT arthrodesis using K wires and reported 8% (four patients) with pin tract infection, 4% (two patients) with infection, and 15% (eight patients) with nonunion [18] . Similarly, Frykman et al. reported a 29% nonunion rate in five out of 17 patients who underwent STT arthrodesis due to scaphoid instability and KD using K wires and U staples [19] . All these previous findings confirm that implants that do not provide compression and stable fixation are associated with a high rate of nonunion and complications. On the other hand, compression can be implemented with variable-pitched cannulated screws, such as Herbert screws. However, proper placement and positioning of these implants (perpendicular to the arthrodesis interface) are difficult due to the surrounding carpal bones, and the learning curve is long [20] . The high prevalence of nonunion seen in carpal arthrodesis necessitated a more stable fixation, and subsequently, limited wrist fusion plates were introduced in 1999 [21] .
Limited wrist fusion plates are mainly used in the four-corner carpal fusion in scapholunate advanced collapse (SLAC) and scaphoid nonunion advanced collapse (SNAC) wrist diseases. Successful results have been reported after the use of these implants [22] . Bedford reported 100% union in a series of 15 patients with these plates in four-corner fusion [21] . Similarly, Leugmair performed four-corner fusion to a series of 24 patients and reported union in 22 (91%) [23] . In the current study, the 100% union was achieved with limited wrist fusion plates. Although these plates do not provide compression, each carpal bone is fixed with two screws which provide strong stability. We believe that stability is another crucial requirement for gaining union. This may be an explanation for the high rate of union reported in the literature and our study.
It is noteworthy to mention that there are some limitations to this study. The inclusion of a limited number of patients and short follow-up duration are primary limitations. KD is a rare disease, and only the Stage IIIB KD patients were included in the study. Since a subgroup of a rare disease is studied, the number of patients was low. However, this is the first study that reported the use of limited wrist fusion plate in KD in current literature. Moreover, the bone union was assessed with CT in all the patients.
Conclusions
This study investigated the use of limited wrist fusion plates for STT arthrodesis in KD.
Intercarpal fusion was achieved in all the patients with improvement in functional outcomes. We believe that biomechanical stability provided by the plate and the locking screws is the main reason behind this high rate of union. Use of limited wrist fusion plates is a safe and effective treatment method for STT arthrodesis. Future studies which compare different fixation techniques in STT arthrodesis will elucidate the optional fixation choice.
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